Background: Henoch-Schonlein purpura nephritis (HSPN) is a very common secondary kidney disease of childhood. Its pathogenesis and the treatment mechanism of glucocorticoid have not been fully elucidated. The aim of this study was to determine the relationship between p300 and the pathogenesis, glucocorticoid therapy in mice with HSPN, respectively. Methods: Forty-eight C57BL/6N male mice, weighing 18 to 20 g, were selected (3-4 weeks old, n = 8 per group). The mice in the normal control group (Group I) were given normal solvent and the HSPN model group (Group II) were given sensitizing drugs. The mice in Group III were injected intraperitoneally with dexamethasone after being given sensitizing drugs. Meanwhile, mice in Groups IV, V and VI with conditional knockout of p300 were also given normal solvent, sensitizing drugs and dexamethasone. The levels of serum IgA, creatinine, and circulating immune complex (CIC) concentrations, 24 h urinary protein and urinary erythrocyte in C57 wild mice, and p300 conditional knockout mice in each group were measured. The expression of p300 in renal tissues and the expression of glucocorticoid receptor (GR) a and b, transforming growth factor (TGF)-b1, and activator protein (AP)-1 after dexamethasone treatment were determined by real-time polymerase chain reaction and Western blotting. Results: Compared with the normal solvent control group (Group I), the expression of p300 mRNA in the model group (Group II) was significantly up-regulated. Western blotting further confirmed the result. Urinary erythrocyte count, 24 h urinary protein quantification, serum IgA, CIC, and renal pathologic score in Group V were distinctly decreased compared with non-knockout mice in Group II (9.7 ± 3.8 per high-power field [/HP] vs. 18.7 ± 6.2/HP, t = 1.828, P = 0.043; 0.18 ± 0.06 g/24 h vs. 0.36 ± 0.08 g/24 h, t = 1.837, P = 0.042; 18.78 ± 0.85 mg/mL vs. 38.46 ± 0.46 mg/mL, t = 1.925, P = 0.038; 0.80 ± 0.27 mg/mL vs. 1.64 ± 0.47 mg/mL, t = 1.892, P = 0.041; 7.0 ± 0.5 vs. 18.0 ± 0.5, t = 1.908, P = 0.039). Compared with non-knockout mice (Group III), the level of urinary erythrocyte count and serum IgA in knockout mice (Group VI) increased significantly after treatment with dexamethasone (3.7 ± 0.6/HP vs. 9.2 ± 3.5/HP, t = 2.186, P = 0.024; 12.38 ± 0.26 mg/mL vs. 27.85 ± 0.65 mg/mL, t = 1.852, P = 0.041). The expression level of GRa was considerably increased in the knockout group after dexamethasone treatment compared with non-knockout mice in mRNA and protein level (t = 2.085, P = 0.026; t = 1.928, P = 0.035), but there was no statistically significant difference in the expression level of GRb between condition knockout and non-knockout mice (t = 0.059, P = 0.087; t = 0.038, P = 1.12). Furthermore, the expression levels of glucocorticoid resistance genes (AP-1 and TGF-b1) were notably increased after p300 knockout compared with non-knockout mice in mRNA and protein level (TGF-b1: t = 1.945, P = 0.034; t = 1.902, P = 0.039; AP-1: t = 1.914, P = 0.038; t = 1.802, P = 0.041). Conclusions: p300 plays a crucial role in the pathogenesis of HSPN. p300 can down-regulate the expression of resistance genes (AP-1 and TGF-b1) by binding with GRa to prevent further renal injury and glucocorticoid resistance. Therefore, p300 is a promising new target in glucocorticoid therapy in HSPN.
Introduction
Henoch-Schonlein purpura (HSP) is a chronic, progressive, aseptic, multi-systemic vasculitis, which occurs in children aged 2 to 8 years; the basic pathologic change is diffuse vasculitis accompanied by immunoglobulin IgA deposition in the skin, joints, kidneys, gastrointestinal tract, and other systems of the body. In about 80% to 100% of children, the kidney is affected resulting in HSP nephritis (HSPN), the incidence of which is second only to acute nephritis and nephritic syndrome. [1] As yet, the pathogenesis of HSPN has not been fully elucidated. It is generally believed that HSPN is related to aberrant immune function. It is perhaps an immune-mediated glomerular injury, which includes T lymphocyte dysfunction, humoral immune disorder, abnormal secretion of cytokines, inflammation, coagulation, and fibrinolysis abnormalities, as well as gene susceptibility. Renal involvement and its severity are important indicators of long-term prognosis in HSPN. [2] Glucocorticoids have dual effects, such as anti-inflammatory and immunosuppressive influences. They are routinely used in the treatment of HSPN, especially in the acute stage. [3] p300 is a key regulator in the transcriptional activation of glucocorticoid. It has limited expression in the nuclear membrane and exerts an amplifier effect on target genes by binding to nuclear receptors and transcription-related proteins. The most important function of p300 is to promote target gene transcription. First, acetylation can alleviate the promoter inhibition mediated by the chromatin structure and restore the basic transcriptor effect of the target gene promoter. Second, p300 can act as a bridge or scaffold in the interaction between the basic transcription device and its upstream transcription factors to stabilize the structure of the transcription complex. As in transcription, DNA replication and repair also require p300. It can interact with cyclins and cyclin-dependent kinases, and then participate in cell cycle arrest and apoptosis. Furthermore, p300 has a transcriptional amplifier effect on transactivation of glucocorticoid receptors (GRs). [4] Current studies show that p300 can be recruited by some transcription factors or compounds without histone acetyltransferase (HAT) activity, and modulate interleukin-mediated transcriptional regulation by some related genes, promotion of interleukin selfexpression, [5] inhibition of polyglutamine protein-mediated transcriptional activation in neurodegenerative diseases, [6] and nuclear transcription factors involved in lipid metabolism, such as sterols. p300 also plays a role in the action of sterol regulatory element binding proteins combined with the corresponding target genes. [7] In addition, p300 is also involved in the regulation of insulin, cardiomyocytes, hematopoietic stem cells, and human immunodeficiency virus proliferation. [8, 9] Currently, there are no reports on the relationship between p300 and glucocorticoid resistance in the pathogenesis of HSPN. As p300 participates in the transcriptional regulation of GR-mediated target gene, we hypothesize that down-regulation of expression of p300 in HSPN may interfere with GRa activation, nuclear translocation, DNA connectivity, and the process of target gene transcription to some extent, thus hindering further downstream effects of glucocorticoid.
Methods

Ethical approval
All experimental procedures for animal usage were in accordance with the guidelines for care and use of laboratory animals and were approved by the Institutional Animal Care and Use Committee of China Medical University.
Animals
Three-to four-week-old C57BL/6N male mice, weighing 18 to 20 g, were selected, which obtained from Animal Research Center of China Medical University (Shenyang, China). After breeding accustomization for 1 week, the mice were given bovine serum albumin (BSA; Sigma, Saint Louis, USA), lipopolysaccharide (LPS; Sigma), and carbon tetrachloride (CCl 4 ; Sigma) to establish an HSPN model: 10% BSA was prepared with distilled water and 4 mL/kg was infused into the stomach every other day for 8 weeks; 0.3 mL castor oil (Dingde Biotechnology Co, Nanjing, China) mixed with 0.1 mL CCl 4 was injected subcutaneously once a week for 9 weeks; 0.025% LPS was prepared with 0.9% sodium chloride solution and 0.2 mL of this was injected into the tail vein at 6, 8, 10, and 12 weeks; 10 mL/kg of 25% ginger water (Affiliated Hospital of Liaoning University of Traditional Chinese Medicine, Shenyang, China) was given every other day from the ninth week. The room temperature was adjusted to 30°C during the modeling period, we labeled this mouse model group as Group II. The same amount of distilled water was infused into the stomach of the normal control group (Group I), 0.9% sodium chloride solution was injected subcutaneously into the tail vein. At the end of the 12th week, 24 h urine was collected in a metabolic cage and the urine volume was recorded. Meanwhile, 1.0 mg/kg of dexamethasone (Dingde Biotechnology Co) was injected intraperitoneally, once a day, for 4 weeks continuously, and we regarded this group as Group III. [10, 11] We administered the same allergenic drugs as those given to Group II to the p300 kidney specific knockout C57BL/6N male mice, and labeled this group as Group V. At the end of the 12th week, 1.0 mg/kg of dexamethasone was injected intraperitoneally, once a day, for 4 weeks continuously (like Group III) and we described this group as Group VI. To increase comparability, the knockout mice were given the normal solvent as administered to Group I and we registered this group of knockout mice as Group IV. Finally, there were eight mice in each group.
Acquisition of p300 kidney specific knockout mice
After multiplication and reproduction of p300-loxP heterozygote mice (Cyagen Biosciences Inc, Guangzhou, China), F0 generation mice (p300 flox/+ ) were obtained. Then F1 generation mice derived from the self-pollination of F0 generation mice (p300 flox/+ ), including homozygous mice (p300 flox/flox ), hybrid mice (p300 flox/+ ), and wild mice (p300 +/+ ) were obtained. According to Mendel's law of inheritance, the probability of obtaining these mice is 1/4, 1/2, and 1/4, respectively. F2 generation mice were obtained by mating homozygous mice (p300 flox/flox ) from F1 generation with CRE tool hybrid mice. All the offspring represented p300 flox/+ , and then p300 flox/+ -cre + mice were screened out. F2 generation mice were backcrossed with p300 flox/flox to obtain F3 generation mice. Finally, p300 flox/flox -cre + mice, which were needed in our experiments, were selected out.
Renal function measurement and biochemical analysis
To assess renal function, spot urine and serum samples from the mice were collected immediately before sacrifice.
Serum and urine samples, for measurement of serum IgA, creatinine (Cr), circulating immune complex (CIC) concentrations, and 24 h urinary protein and urinary erythrocyte were delivered to the core laboratory of the First Affiliated Hospital of China Medical University (Shenyang, China).
Hematoxylin-eosin staining
Hematoxylin-eosin (HE) staining was performed to assess the morphologic changes in injured renal tissue. Briefly, the renal tissues were fixed in 4% paraformaldehyde, embedded in paraffin, and then sectioned into 5 mm slices for HE staining according to standard procedure. The sections were photographed in five random fields under a microscope (Leica, Wetzlar, Germany).
Real-time polymerase chain reaction analysis
Total RNA was isolated using TRIzol reagent (Invitrogen Co, San Diego, USA) according to the manufacturer's instructions, and cDNA was generated through reverse transcription using the PrimeScript RT Master Mix kit (TaKaRa Bio Inc, Osaka, Japan). Equal amounts of cDNA were diluted and amplified through real-time polymerase chain reaction (PCR) using All-in-one qPCR Mix (TaKaRa Bio Inc) in a 20 mL reaction volume containing 10 mL of 2 Â All-in-one qPCR Mix (TaKaRa Bio Inc), 1 mL of 2 mmol/L forward primer, 1 mL of 2 mmol/L reverse primer, 1 mL of cDNA, and 6 mL of nuclease-free water. After an initial denaturation step for 10 min at 95°C, the conditions for cycling were 40 cycles of 10 s at 95°C, 20 s at 60°C, and 15 s at 72°C. For the normalization of each sample, glyceraldehyde 3-phosphate dehydrogenase (GAPDH; TaKaRa Bio Inc) primers were used to measure the amount of GAPDH cDNA. The primers used are listed below: GAPDH: sense: 5 0 -TCGCCAGCCGAGCCACAT-3 0 , antisense: 5 0 -GGAACATGTAAACCATGTAGTTG-3 0 ; p300: sense: 5 0 -ACTGCCGGGATGGCTACTAT-3 0 , antisense: 5 0 -TCTGGATTCGCTGGCTAATGG-3 0 ; transforming growth factor (TGF)-b1: sense: 5 0 -TGAGGGCTGTCTTTTGACG-3 0 , antisense: 5 0 -GTTTGGGACTGATCCCATTG-3 0 ; AP-1: sense: 5 0 -TGACTGCAAAGATGGAAACGA-3 0 , antisense: 5 0 -CAGGTTCAAGGTCATGCTCTGT-3 0 ; GRa: sense: 5 0 -CCTAAGGACGGTCTGAAGAGC-3 0 , antisense: 5 0 -GCC-AAGTCTTGGCCCTCTAT-3 0 ; GRb: sense: 5 0 -CCTAAG-GACGGTCTGAAGAGC-3 0 , antisense: 5 0 -CCACGTAT-CCTAAAAGGGCAC-3 0 . The relative fold-change in the target gene cDNA was determined using the 2 ÀDDCt method.
Western blotting analysis
The protein levels in renal tissues were detected by Western blotting analysis. Briefly, the renal tissues from different groups were lyzed by Radio-Immunoprecipitation Assay lysis buffer (Beyotime Bio Inc, Shanghai, China). The protein concentrations were determined by BCA protein estimation kit (Beyotime Bio Inc). Then, equal amounts of protein samples were separated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (Beyotime Bio Inc), and transferred to polyvinylidene difluoride membranes (Beyotime Bio Inc). After blocking with 5% non-fat dry milk, the membranes were incubated with primary antibodies at 4°C overnight. The primary antibodies used in this study were as follows: GRa (BOSTER Bio Inc, Wuhan, China), GRb (Bioss Bio Inc, Beijing, China), TGF-b1 (BOSTER Bio Inc), activator protein (AP)-1 (Bioss Bio Inc), and GAPDH (Santa Cruz Bio Inc, Santa Cruz, USA). Then the corresponding secondary antibodies conjugated with horseradish peroxidase were added. ECL detection reagent (7 Sea Biotech, Shanghai, China) was used to visualize the blots. The results were quantified with Gel-Pro-Analyzer (Media Cybernetics, Maryland, USA).
Statistical analysis
Data were collected from eight animals for each group and presented as mean ± standard deviation from at least three independent experiments. All analyses were performed using GraphPad Prism 5.0 (GraphPad Software, San Diego, CA, USA). Statistical significance between two groups was analyzed by Student's t test. One-way analysis of variance (ANOVA) or two-way ANOVA was used to compare multiple groups. A P value of <0.05 was considered significant.
Results
p300 expression was up-regulated in the HSPN model
First, we determined p300 expression in the HSPN model using real-time PCR and Western blotting. We observed that p300 expression, at the levels of mRNA and protein, was significantly elevated in the HSPN model (Group II) compared with solvent-matched controls (Group I) (t = 2.426, P = 0.026; t = 1.825, P = 0.034) [ Figure 1A -1C]. We, therefore, concluded that p300 plays an essential role in the pathogenesis of HSPN. In p300 knockout mice, there was near total absence of expression of p300 in Groups IV and V by real-time PCR, which indicates that the knockout mice were accurate. Next, we took a closer look at the effect of p300 knockout on renal biochemical indexes and pathology of HSPN.
Renal injury was distinctly alleviated after p300 conditional knockout
To further investigate the role of p300 in the pathogenesis of HSPN, serum IgA, Cr, and CIC concentrations, 24 h urinary protein and urinary erythrocyte count were measured. We observed that the levels of urinary erythrocyte count, 24 h urinary protein, serum IgA, and CIC were significantly elevated in Group II compared with Group I (18.7 ± 6.2 per high-power field [/HP] vs. 0.5 ± 0.1/HP, t = 2.725, P = 0.008; 0.36 ± 0.08 g/24 h vs. 0.14 ± 0.04 g/24 h, t = 2.265, P = 0.012; 38.46 ± 0.46 mg/mL vs. 9.15 ± 0.55 mg/mL, t = 2.862, P = 0.006; 1.64 ± 0.47 mg/mL vs. 0.72 ± 0.20 mg/mL, t = 1.835, P = 0.042). After p300 kidney specific knockout, the levels of urinary erythrocyte count and serum IgA were also considerably increased in Group V compared with Group IV (9.7 ± 3.8/HP vs. 0.5 ± 0.1/HP, t = 2.486, P = 0.018; 18.78 ± 0.85 mg/mL vs. 9.88 ± 0.60 mg/mL, t = 1.825, P = 0.043). However, there were no differences between these two groups in 24 h urinary protein and CIC (0.18 ± 0.06 g/24 h vs. 0.13 ± 0.03 g/24 h, t = 0.012, P = 0.095; 0.80 ± 0.27 mg/mL vs. 0.74 ± 0.27 mg/mL, t = 0.086, P = 0.098). Moreover, we Chinese Medical Journal 2019;132 (16) www.cmj.org found that Cr concentrations were unchanged between these four groups. In addition, we found that levels of urinary erythrocyte count, 24 h urinary protein, serum IgA, and CIC were evidently different between the p300 nonknockout group (Group II) and conditional knockout mice group (Group V) (18.7 ± 6.2/HP vs. 9.7 ± 3.8/HP, t = 1.828, P = 0.043; 0.36 ± 0.08 g/24 h vs. 0.18 ± 0.06 g/24 h, t = 1.837, P = 0.042; 38.46 ± 0.46 mg/mL vs.
18.78 ± 0.85 mg/mL, t = 1.925, P = 0.038; 1.64 ± 0.47 mg/mL vs. 0.80 ± 0.27 mg/mL, t = 1.892, P = 0.041). From these results, we concluded that renal injury was significantly alleviated after p300 conditional knockout, which indirectly demonstrates that p300 participates in the pathogenesis of HSPN [ Figure 2A -2E].
Pathologic score of kidney on HE staining decreased significantly after p300 knockout
To fully explore the role of p300 in the pathogenesis of HSPN, we also perfected the HE staining of kidney pathology. Glomerular cystic exudation, hemorrhage, mesangial hyperplasia, tubular protein type, interstitial fibrosis, and glomerulosclerosis appeared in HSPN from Group II. According to Katafuchi's semi-quantitative score, [12] we found that allergenic drugs were given similarly after p300 knockout, and the pathologic score of kidney as well as renal morphologic changes decreased significantly (18.0 ± 0.5 vs. 7.0 ± 0.5, t = 1.908, P = 0.039), which further confirms that p300 plays an important role in the pathogenesis of HSPN [ Figure 3A -3C].
Urinary erythrocyte count and serum IgA between p300 nonknockout and conditional knockout mice after dexamethasone treatment
It is well known that dexamethasone is routinely used for the treatment of HSPN. To further confirm the relationship between p300 and dexamethasone in the treatment of HSPN, we examined whether once p300 was knocked out, renal biochemical indexes changed after dexamethasone treatment. As expected, the levels of urinary erythrocyte count and serum IgA were distinctly increased in Group VI compared with Group III (9.2 ± 3.5/HP vs. 3.7 ± 0.6/HP, t = 2.186, P = 0.024; 27.85 ± 0.65 mg/mL vs. 12.38 ± 0.26 mg/mL, t = 1.852, P = 0.041). There were no differences between p300 non-knockout and conditional knockout mice in 24 h urinary protein, and Cr and CIC concentrations (0.27 ± 0.04 g/24 h vs. 0.36 ± 0.08 g/24 h, t = 0.062, P = 0.084; 62.12 ± 11.6 mmol/L vs. 57.87 ± 7.35 mmol/L, t = 0.037, P = 1.12; 1.13 ± 0.31 mg/mL vs. 1.64 ± 0.47 mg/mL, t = 0.049, P = 0.098) [ Figure 4A -4E]. Additionally, we found p300 could significantly affect the therapeutic action of dexamethasone, especially the levels of hematuria and serum IgA concentrations in HSPN mice; hence, the role of p300 in therapeutic mechanisms was investigated next.
p300 combined with GRa can play a crucial role in the treatment of HSPN Next, we tested p300 binding with GR to clarify its mechanism of action in the treatment of HSPN. Real-time PCR and Western blotting results revealed that GRa expression was significantly higher in Group VI in comparison with Group III (t = 2.085, P = 0.026; t = 1.928, P = 0.035), whereas GRb expression did not differ notably (t = 0.059, P = 0.087; t = 0.038, P = 1.12) [ Figure 5A -5C]. This shows that p300 knockdown causes a significant increase in GRa, whereas GRb remains unchanged, indicating that p300 combines with GRa and plays a crucial role in the treatment of HSPN. Moreover, we speculated that p300 was a crucial mediator of dexamethasone treatment in HSPN.
p300 binding to TGF-b1 and AP-1 reduced the incidence of glucocorticoid resistance
Recently, the incidence of glucocorticoid resistance is seen to be increasing in the clinic. To determine whether p300 is Chinese Medical Journal 2019;132 (16) www.cmj.org After p300 kidney specific knockout, the levels of urinary erythrocyte count and serum IgA were also significantly increased in Group V compared with Group IV ( * P < 0.05). However, there were no differences between these two groups in 24 h urinary protein and CIC. Moreover, creatinine concentrations were unchanged between these four groups. In addition, levels of urinary erythrocyte count, 24 h urinary protein, serum IgA, and CIC were evidently different between p300 non-knockout and conditional knockout mice ( * P < 0.05). CIC: Circulating immune complex. (C) Pathologic score of kidney between Group II and V. Allergenic drugs were given similarly after p300 knockout (Group V); the pathologic score of kidney decreased significantly compared with p300 non-knockout mice (Group II) ( * P < 0.05).
Group II: Non-knockout model group; Group V: p300 knockout model group.
Chinese Medical Journal 2019;132 (16) www.cmj.org involved in the occurrence of drug resistance, we selected the most important genes (TGF-b1 and AP-1) to obverse the relationship between p300 and resistance genes. We unexpectedly found that p300 knockdown causes a significant increase in TGF-b1 and AP-1, at the levels of mRNA and protein (TGF-b1: t = 1.945, P = 0.034; t = 1.902, P = 0.039; AP-1: t = 1.914, P = 0.038; t = 1.802, P = 0.041), suggesting, thereby that p300 is involved in the occurrence of glucocorticoid resistance [ Figure 5A -5C]. If we could reduce the level of p300 in HSPN, the incidence of glucocorticoid resistance would be significantly reduced. Collectively, these data suggest that p300 plays a crucial role in the pathogenesis of HSPN and dexamethasone treatment of HSPN.
Discussion
Henoch-Schonlein purpura nephritis refers to the renal damage caused by the deposition of IgA immune complexes in renal tissues. HSPN is increasing in frequency as a secondary kidney disease in childhood. The pathologic manifestation of HSPN is microvascular damage mediated by immune complex deposition. [13] The clinical features include signs and symptoms due to renal and extrarenal involvement. [14] In general, the main extrarenal clinical features are skin purpura, joint swelling and pain, gastrointestinal symptoms, muscle involvement, and so on. Hematuria and proteinuria are the main features of renal involvement. Most symptoms of HSPN are mild, and the prognosis is better if reasonable treatment is given. However, some children still suffer from acute nephritic syndrome, nephrotic syndrome, and even rapidly progressive glomerulonephritis. A few children eventually develop chronic nephropathy or end-stage nephropathy, which is a great burden to the family and society. [15] Therefore, studying the pathogenesis and rational treatment of HSPN is of great significance.
This study reveals the important role p300 plays in the pathogenesis of HSPN. The pathologic changes of mice kidney were significantly alleviated after p300 knockout, and the levels of hematuria, proteinuria, serum IgA, and CIC were distinctly decreased, suggesting, thereby that p300 is involved in the pathogenesis of HSPN and is an important regulator. p300 itself has HAT activity and plays an important role in biologic functions such as cell cycle regulation, cell differentiation, apoptosis, and so on. [16] It is a known fact that HAT takes advantage of the potential in gene regulation by catalyzing reversible histone acetylation to slow down the inhibitory effect of chromatin on promoter activity, thus, assisting target gene transcription. [17] Meanwhile, p300 can also cut down the promoter inhibition mediated by chromatin structure and restore the basic transcriptor effect. The expression of p300 is limited in the nucleus, and the competition for p300 among its transcription factors leads to up-regulation or inhibitory action of several related genes. Therefore, it is crucial to explore the role of p300 in the pathogenesis of HSPN.
In our study, we also found that GRa expression increased significantly after p300 knockout, while GRb expression did not differ notably. GR is a single-stranded phosphoprotein; diverse splicing forms of GR gene encode two different proteins: GRa and GRb. Their structures are highly homologous, the only difference being in exon 9. [18] The proteins encoded by GRa and GRb contain 777 and 742 amino acids, respectively. The compositions of 727 amino acids at the N-terminal for GRa and GRb are identical, with mere distinction being at the COOHterminal. Their molecular weights are 94,000 and 90,000 Da, respectively. The structure of GR protein consists of three independent functional regions: immunogenic domain at the N-terminal coded by exon 2, DNAbinding domain (DBD) coded by exons 3 and 4, and hormone-binding domain at the COOH-terminal coded by exons 6, 7, 8, and 9 [19] apart. Apart from ligand binding, hormone-binding domain has other functions, including participation in the formation of GR dimer, combined with heat shock protein (HSP) (including HSP90, HSP70, and HSP56) and other transcription factors (such as, activated proteins AP-1, nuclear factor kappa-B, cAMP response element binding protein, etc). DBD is responsible for binding to glucocorticoid response element (GRE) on the promoter of the target gene, thus exerting a transactivation effect on GR. Glucocorticoid can bind to GRa inducing further phosphorylation and leading to conformational changes of the receptor, resulting in dissociation from the HSP, which leads to exposing of the DNA-binding regions of GR and inducing dimerization of receptors, as well as transferring the activated GR dimer and hormone into the nucleus to regulate gene expression. GRb can neither bind to glucocorticoid nor activate the transcription of GRE. Therefore, the biologic effects of glucocorticoid are mediated mainly by GRa, which interacts with p300 to regulate the upstream and downstream pathways. It is well-known that GR is a member of the nuclear receptor superfamily. The nuclear receptor is a ligand-dependent transcription regulator with high homology members. Activated GRa cannot effectively promote transcription by binding the homologous dimer with GRE of the target gene, which needs interaction with p300 and the basic transcription complex to specifically promote the expression of the target gene to exert a hormonal effect. [20] p300 is a key regulator of glucocorticoid transcriptional activation, which promotes target gene expression by combining specific domains of glucocorticoid with multiple transcription factors to form high molecular weight "enhancers." p300 regulates transcription by acetylating histones and other proteins. Laboratory evidence for this important role of p300 in transcriptional activation mediated by the nuclear receptor include the following: p300 exists in all cell lines tested; p300 can interact with various nuclear receptors; p300 connects and enhances the transcription of various nuclear receptors through its common leucine-rich sequence LXXLL (L is leucine, X is other amino acid), which can interact with a variety of sequence-specific transcription activated factors to form a high molecular weight "enhancer" to promote target gene expression. [21] As Figure 5 : Expression of glucocorticoid receptor and resistance gene at mRNA and protein level in each group. (A) Expression of GRa and b, transforming growth factor-b1 and activator protein-1 mRNA in each group. (B, C) Expression of GRa and b, transforming growth factor-b1 and activator protein-1 protein in each group. Glucocorticoid receptor (GR) a expression was significantly higher in Group VI in comparison with Group III ( * P < 0.05); the expression of GRb did not differ significantly. Meanwhile, p300 knockdown caused a significant increase in the expression of transforming growth factor-b1 and activator protein-1 at the levels of mRNA and protein, which suggests that p300 is involved in the occurrence of glucocorticoid resistance ( * P < 0.05). Group II: Non-knockout model group; Group III: Non-knockout dexamethasone therapy group; Group VI: p300 knockout dexamethasone therapy group.
Chinese Medical Journal 2019;132 (16) www.cmj.org p300 has HAT activity, when it binds to the ligand of GR in a hormone-dependent manner, HAT can activate four histones of the acetylated nucleosome to result in chromosome remodeling. Chromosomes change from a tight inhibitory state to an evacuated activated state, which promotes transcription. It is known from cell transfection experiments for the reporter gene that p300 can enhance transcription mediated by nuclear receptors (ER, GR, PR, etc) to a magnitude of ten times. [22] p300 antibody injected into the cell nucleus can completely block signal transduction to the nuclear receptor, which is mediated by AP-1. [23] It has been shown that p300 binds to zinc finger DNA of androgen receptor with its highly conserved carboxyl end, and then acetylates it in order to promote androgenic effect. [24] This special region of p300 is rich in cysteinehistidine, which combines with the AF-1 terminal of estrogen receptor a to increase the activity three times. [25] Shukrun et al [26] found that the inhibitory effect of BRCA1 binding to estrogen receptor a was attributed to down-regulation of p300 [27] ; this is consistent with the results of our study. In recent years, scholars have explored the pathogenesis and therapeutic mechanism of refractory nephropathy at the level of signal transduction and nuclear transcription factors. It has been found that AP-1 and TGF-b1 signal transduction pathways play an important role in the progression of chronic kidney disease. [28] Activation of AP-1 in mesangial cells and tubular epithelial cells regulate the expression of many inflammatory mediators. TGF-b1 activated by AP-1 transcription pathway has crucial functions in glomerulosclerosis and tubulointerstitial fibrosis. [29] Therefore, p300 could effectively promote the downstream effects of glucocorticoid through the nuclear receptor. The amplification effect of p300 is mainly promoted by renal tubular epithelial cells. The down-regulation of p300 in renal tubular epithelial cells in refractory nephropathy might be one of the reasons leading to glucocorticoid resistance and progression of renal injury. Downregulation of expression of p300 is related to glucocorticoid resistance, and low level of p300 increases incidence of glucocorticoid resistance.
